Groundnut, the most important grain legume in Ghana, is largely cultivated under rainfed conditions within the Guinea savanna zone of the country. The pods and haulms are important sources of income for smallholder farmers in the region. There is an emerging market for groundnut haulms as livestock feed in Ghana. A population of 30 groundnut genotypes were evaluated for yield (pod and haulm) and its components as well as good haulm nutritive value. High significant differences were observed among the genotypes for all agronomic traits. Average pod yield ranged from 1.6 to 5.7 t/ha with SAMNUT 23 and ICGV-IS 13081 being the most productive. Eight out of the 30 genotypes produced haulm yields above 8 t/ha. There was no significant difference among genotypes for in vitro gas production, digestible organic matter, ash, neutral detergent fibre, and metabolizable energy. However, crude protein, crude fibre, and acid detergent fibre were significantly different. Crude protein content was highest (12.53%) in GAF 1723 and lowest (8.00%) in ICGV-IS 08837. Genotypes GAF 1723, ICGV 00064, and ICGV-IS 13998 combined good pod/haulm yield with high haulm nutritive quality. Their utilization will improve farmers' income and livelihoods in the Guinea savanna of Ghana.
Introduction
Groundnut is the most important grain legume in Ghana in terms of area under cultivation [1] . The Guinea savanna ecology of Ghana accounts for over 70% of total groundnut produced in the country [1] , making it the most important groundnut region in the country. Within this region, groundnut plays an important role in the livelihoods of small holder farmers as it is estimated that about 90% of farming households are involved in groundnut production together with other crops [2] . The crop provides highly nutritious meals and a protein substitute for households with fewer resources to acquire meat products [3, 4] . From agroecological perspective, groundnut improves soil fertility through fixation of atmospheric dinitrogen into the soil [5, 6] , hence reducing the quantity of synthetic N fertilizers required. Sale of the grain fetches additional income for the households and the haulms serve as high quality protein fodder for livestock [4] .
Groundnut haulms are more palatable and rich in protein compared to stovers of cereals which have low N, high fibre content, and poor digestibility and therefore have low nutritive value and are used as supplementary feed [7] . In male sheep, Prasad et al. [8] reported an average daily voluntary feed intake of more than 4% of live body weight. This level of voluntary feed intake is on the high side and is rarely seen in animals on any kind of feed except lactating animals [9] . Groundnut haulms are also important in the poultry industry as substituting 6% of concentrate mixture with groundnut haulms resulted in a 15% increase in live body weight of broilers compared to the controls [10] . The substantial increase observed was attributed to improved feed intake and high nutrient availability in groundnut haulms. Crude protein concentration of haulms of many groundnut cultivars ranges from 8 to 15% and ether extract from 1 to 3% [11, 12] . Groundnut haulms contain neutral detergent fibre (NDF) of about 47%, acid detergent fibre (ADF), and lignin content around 36.5% and 6.3%, respectively [13] . Digestibility of groundnut haulms ranges from 74 to 88% in ruminants and support animals' growth performance even when fed as sole 2 International Journal of Agronomy feed [14] . Nigam and Blummel [11] also reported an in vitro digestibility between 52 and 61%.
Despite the importance of groundnut, yield on farmers' fields in the Guinea savanna of Ghana remain low (0.5-1.0 t/ha) compared to over 3.0 t/ha obtained in countries such as China and Brazil [1, 15] . The low yield is attributed to a myriad of biotic and abiotic factors. The major biotic stress includes early and late leaf spot diseases caused by Cercospora arachidicola S. Hori and Cercosporidium personatum (Berk. & Curt.), respectively, as well as groundnut rosette disease [16, 17] . These diseases drastically reduce pod yield in groundnut as well as haulm quantity and quality. Aflatoxins produced by Aspergillus flavus and A. parasiticus also reduce grain quality resulting in lower incomes for farmers [18, 19] . The abiotic constraints include poor soil fertility (lower levels of N, P, and Ca) and erratic rainfall which results in intermittent drought [20] [21] [22] [23] .
In Ghana, groundnut haulm is commonly used as supplementary feed in ruminant production [24] by smallholder farmers who depend largely on natural pasture. This natural pasture is mostly poor in quality during the dry season and supplementation contributes substantially to the performance of animals [25] . Moreover, there is an emerging livestock feed market in Ghana solely based on farm residues with groundnut haulms as one of the most expensive residues [26] . Farmers' with groundnut genotypes that have high haulm yields are therefore better positioned to benefit from this market to boost their income and improve their livelihoods.
It is therefore important to develop groundnut varieties that combine high pod yield with high quality biomass yield for dual purpose utilization. Nigam and Blummel [11] found a significant positive correlation between haulm nitrogen content (by extension crude protein) and pod yield and between haulm nitrogen content and haulm yield. The same study also did not find any inverse association between either pod yield and haulm quality or haulm quality and haulm yield. These findings suggest that it is possible to develop groundnut genotypes that combine high pod yield and high haulm yield of good quality and nutritive value. Therefore, the objectives of this study were to (i) identify groundnut genotypes with high pod and haulm yield for dual purpose utilization; (ii) assess haulms of selected genotypes for nutritive quality traits.
Materials and Methods

Field Evaluation of Germplasm.
The study was based on 30 groundnut genotypes (Table 1) which were obtained from different sources. They included 23 genotypes selected from a preliminary study involving 140 elite genotypes obtained from ICRISAT. The 23 genotypes were selected based on mean pod and haulm yield as well as days to physiological maturity. Reaction to leaf spot diseases was also considered for the selection. Five other genotypes introduced from other sources were also included. Genotypes NKATIESARI and CHINESE were included as local checks to aid comparison. [27] . The experimental design used was a randomized complete block design with three replications. The genotypes were planted in 4 rows of 4 m length with spacing of 50 cm × 15 cm. Phosphorus was applied in the form of TSP at a rate of 60 kg P 2 O 5 per ha at emergence. Plots were further supplemented with ground oyster shells (substitute for Gypsum to supply Ca) at a rate of 200 kg/ha. Data was collected on number of days to 50% flowering, haulm yield, pod yield, and yield components.
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The data was tested for normality after which it was analyzed following the ANOVA procedure in GenStat 12.1 [28] . Genotypic ( 2 ) and phenotypic ( 2 ) variances were computed using the expected mean squares from the analysis of variance table as described by [29] . Broad sense heritability ( 2 ) was estimated according to the method described in [30] as follows:
where 2 is genotypic variance, 2 is phenotypic variance, 2 is error variance, and is number of replications. Phenotypic coefficient of variation (PCV) and genotypic coefficient of variation (GCV) estimates were obtained following the method described by [31] .
where is grand mean of trait. Expected genetic advance (GA) due to selection and genetic advance as a percentage of mean (GAM) was calculated as described by [30, 32] , assuming a selection intensity of 5% (2.06) as follows:
where GA is genetic advance, is selection intensity, is phenotypic standard deviation, 2 is broad sense heritability, GAM is genetic advance as a percentage of mean, and is grand mean.
Nutritive Quality Evaluation.
Based on the results from the agronomic performance study with special emphasis on haulm and pod yield, six genotypes were selected for haulm nutritive quality evaluation. Three samples of each genotype were taken from 3 replicate plots after harvest. The samples were oven dried at 60 ∘ C for 48 h and milled to pass through 2 mm sieve. The samples were then analyzed at the nutrition laboratory of the University for Development Studies, in Nyankpala, Tamale.
Laboratory and Statistical
Analysis. In vitro gas production (IVGP) was determined through fermentation. About 200 mg triplicate samples of each of the haulms were placed in 100 ml graduated glass syringe filled with 10 ml of rumen fluid and 20 ml of buffer. The rumen fluids were sampled from 2 slaughtered healthy rams in Tamale abattoir at 0700 h immediately after slaughter. The rumen fluid was squeezed through four layers of cheesecloth, mixed thoroughly, and kept at 39 ∘ C in a water bath under continuous flushing with CO 2 before use. It was diluted with a cultured medium containing bicarbonate buffer, macro-and microminerals, and a reducing solution. The buffered rumen fluid (30 ml) was pipetted into each syringe and syringes were immediately placed in a water bath at 39 ∘ C [33] . Gas production volumes were recorded at 0, 6, 12, 24, and 48 h of incubation and corrected for blank syringes incubated in each run.
Representative samples of each genotype were used for dry matter (DM), organic matter (OM), crude fibre (CF), and ash determination following the procedure of [34] . Nitrogen (N) content was measured by the Kjeldahl method [34] . Crude protein (CP) was calculated as N × 6.25. Neutral detergent fibre (NDF) and acid detergent fibre (ADF) were determined according to [35] . Digestible organic matter (DOM) and metabolizable energy (ME) were calculated according to [33] with the the following equations. DOM% = 15.38 + (0.8453 × 24 h net gas ml/200 ml DM)
ME (MJ/Kg) = 2.2 + (0.136 × 24 h net gas ml/200 ml DM)
where DOM is digestible organic matter, ME is metabolizable energy, and CP is crude protein
The data on in vitro gas production and chemical composition of haulms were analyzed by ANOVA using GenStat Statistics5 software [28] . Means were separated using LSD at 0.05 significance levels.
Results and Discussion
Field Evaluation
Summary Statistics and Analysis of Variance (ANOVA).
The summary statistics on the agronomic performance of the genotypes used in this study are presented in Table 2 . The analysis of variance revealed significant ( < 0.001) differences among the genotypes for the parameters measured. Number of days to 50% flowering ranged from 25 to 33 with a mean of 29. Average number of pods per plant was 31 with some genotypes having as low as nine pods per plant and others as high as 72 pods per plant. The highest mean pod yield recorded was 6.2 t ha −1 with a mean of 2.76 t ha −1 .
Average haulm yield recorded was 7 t ha −1 with the highest being 14.4 t ha −1 and the lowest being 4.24 t ha −1 . 100-seed weight ranged from 26.8 g to 48.5 g. Shelling percentage and harvest index ranged from 54 to 73% and 20 to 62%, respectively. Estimates of variance components (genetic, phenotypic, and error), broad sense heritability, genotypic coefficient of variation, phenotypic coefficient of variation, genetic advance, and genetic advance as a percentage of the mean are presented in Table 3 . Genetic variance was higher than error variance for number of days to 50% flowering, pod yield, and haulm yield. This is an indication that these traits were less influenced by the environment [20, 36] . Consequently, broad sense heritability was high in these traits. On the other hand, genetic variance of number of pods per plant, 100-seed weight, and harvest index were low compared to their error variances and therefore moderate broad sense heritability was recorded for these traits. The high broad sense heritability observed is an indication that direct selection for days to flowering, number of pods per plant, and pod yield can be done effectively [37] . The high broad sense heritability estimate is also an indication of the relatively uniform environment under which the trial was conducted [20] . Genotypic coefficient of variation (GCV) was highest for pod number per plant and pod yield and lowest in days to 50% flowering and 100-seed weight. The same trend was observed for phenotypic coefficient of variation with pod number per plant and pod yield being the highest while shelling percentage and 100-seed weight showed the least GCV. Genetic advance was the highest in pod number per plant and the least in pod yield. However, it was haulm yield, number of pods per plant, and pod yield that recorded the highest genetic advance as a percentage of the mean. This is an indication that 61, 59, and 54% progress can be made in these three traits via selection among the genotypes evaluated.
Mean Performance of Genotypes
Number of Days to Flowering. There was a significant difference ( < 0.05) among the genotypes for days to 50% flowering. Flowering time in groundnut is indicative of the maturity period of genotype [38] . The late maturing groundnut genotypes generally took more days (>30 days after planting) to reach 50% flowering. On the other hand, early maturing genotypes such as ICGV-IS 13081, CHINESE, ICGV-IS 13078, ICGV-IS 91315, ICGV-IS 13075, and ICGV-IS 13041 reached 50% flowering within 25-27 days after planting (see Table 4 ). This is consistent with previous reports which showed that early maturing genotypes flower earlier [39] . The genotypes combining early maturity and high pod yields will be important for the Guinea savanna agroecology of Ghana due to the increased shortening of the growing season. This is particularly important because of the observed end of year drought which is worsening as more erratic rainfall is being experienced currently [23] . They will also be important for high intensity multiple cropping system since they are suitable for double cropping either as intercrops or as sequence crops [38] . This provides opportunities for resource poor farmers to reduce risk associated with crop failure. The late maturing varieties like GAF 1665, GAF 1723, GK 7, SAMNUT 22, and ICGV-IS 13045 reached 50% flowering after 30 days consistent with previous studies [39] . The medium maturing DF: days to 50% flowering, HYLD: dry haulm yield at harvest, PYLD: pod yield, SH: shelling percentage, 100-SW: weight of a 100 seeds, and HI: harvest index. Mean values followed by dissimilar letters in each column are significantly different ( < 0.05).
lines reached 50% flowering between 27 and 30 days after sowing.
Haulm Yield. One major importance of groundnut in the Guinea savanna agroecology of Ghana is the use of the haulms for livestock feeding [4] . Groundnut haulms after harvest have a high economic value as they are sold to livestock farmers. The haulms also contain high amounts of nitrogen which has the potential to improve soil fertility when incorporated into the soil [22] . Therefore, groundnut varieties that combine high haulm yield with high pod yield are very desirable for farmers in the Guinea savanna agroecology of Ghana. Average haulm yield differed significantly ( < 0.05) among the genotypes and ranged from 4 to 11.8 t ha −1 (see Table 4 ). Genotypes ICGV-IS 13998, SAM-NUT 22, NKATIESARI, ICGV-IS 13081, ICGV-IS 13045, GAF 1723, and GK 7 recorded haulm yield above 8 t ha −1 . These genotypes exhibited higher tolerance to leaf spots infection (data not shown) and therefore maintained most of their foliage at the time of harvest. Contrary to this, CHINESE which is very susceptible to foliar diseases [40] , shed most of its leaves by the time of harvest and therefore it is not surprising that it recorded the least haulm yield of 4 t ha −1 at the time of harvest (see Table 4 ).
Yield and Yield Components. Pod yield differed significantly ( < 0.05) among the genotypes evaluated in this trial (Table 4) . Mean pod yield per genotype ranged from a low 6 International Journal of Agronomy ). Among the genotypes introduced from ICRISAT Mali, ICGV-IS 13081 was very outstanding as it produced better pod yield than the check varieties NKATIESARI and SAMNUT 22, which are medium to late maturing. This observation was contrary to earlier reports that associated generally poor yields with early maturing genotypes compared to late maturing genotypes [39] [40] [41] [42] .
Yield components including shelling percentage, 100-seed weight, and harvest index all differed significantly ( < 0.05) among the genotypes. Shelling percentage ranged from 58% in ICGV 91315 to 71% in ICGV-IS 13041. This result is consistent with previous reports [38] . On the other hand, 100-seed weight which is an indication of seed size showed that genotypes GAF 1723, ICGV 00064, IGCV-IS 13002, and ICGV-IS 13052 had a relatively larger seed size (>40 g). On the other hand, genotypes ICGV-IS 13106 and ICGV-IS 13078 had smaller seed size and recorded 100-seed weight of 28.9 g and 29.6 g, respectively. Harvest index (HI), representing the proportion of the total crop biomass that has economic importance was the highest in genotypes SAMNUT 22 (59%), ICGV 00064 (54%), and ICGV-IS 13071. ICGV-IS 13998 displayed the least harvest index of 30.1% (see Table 4 ).
Nutritive Quality Evaluation.
Six genotypes were selected and evaluated for nutritive quality of their haulms. The selection was based on the haulm and/or pod yield and genotypes that recorded high values for these traits were selected. The in vitro gas production rate of the haulms of the six selected groundnut genotypes evaluated were similar from 6 h ( = 0.635) up to 48 ( = 0.865) ( Table 5 ). The volume of rumen gas produced ranged from 3.85 to 5.05 ml/200 mg DM and 12.65 to 14.66 ml/200 mg DM at 6 h and 48 h, respectively. ICGV-IS 08837 produced the highest volume of gas while ICGV 00064 recorded the lowest gas production rate at 6 h. At 48 h of fermentation, the highest volume of gas was 14.66 and 14.52 ml/200 mg DM, respectively, observed in ICGV-IS 08837 and GAF 1723. The lowest gas produced (12.65 ml/200 mg DM) was observed in ICGV 00064. Figure 1 presents the pictorial view of gas production. In vitro gas production levels were used to estimate digestible organic matter and metabolizable energy content of the haulms. In vitro gas production technique is used extensively to estimate rumen degradation of feedstuffs and prediction of feed nutritive quality [33] .
Genotypic differences affected ( = 0.034) crude protein content of the haulms (see Table 6 ). The highest value (12.53%) was obtained in GAF 1723 and the lowest (8.00%) in ICGV-IS 08837. The paper [11] also reported large genotypic variation in CP of groundnut haulms when they evaluated 860 groundnut cultivars in different replicated trials. The list of the cultivars in an increasing order of CP content were ICGV-IS 08837, ICGV-IS 1399, GAF 1665, NKATIESARI, ICV-IS 00064, and GAF 1723 ( Table 6 ). The CP content of all the cultivars fell within the reported range of 8 to 15% [11, 12] . There is still an opportunity for improving the groundnut haulm CP content since none of the genotypes' CP level got to the upper limit of 15% reported in literature.
International Journal of Agronomy Since there is no inverse relationship between the CP of groundnut haulms and haulm yield [11] , the two traits could be improved concurrently. The CP content is an important indication of nutritional quality since the cultivars are often used as supplements for poor quality natural pasture and crop residues [43] . The differences in CP content among the cultivars evaluated and in reported literature may be due to genetic improvement of the cultivars and/or inherent genetic characteristics [44, 45] . Antwi et al. [43] observed similar genetic variability in evaluating the haulm quality of cowpea cultivars. Acid detergent fibre content was also significantly different ( = 0.004) among the six cultivars evaluated ( Table 6 ). The genotype ICGV-IS 08837 had the highest ADF content (59%) with GAF 1723 having the lowest (43.80%) in a reverse form of the CP content. Crude fibre level of the haulms was also significantly higher ( = 0.001) in ICGV-IS 08837 whereas the other 5 cultivars' haulm CF were similar (see Table 6 ). Generally, forage with high ADF suggests that it is inferior in quality, has poor digestibility, and decreases animal growth when fed for a long period without other feed [46] . Ash, neutral detergent fibre, digestibility of organic matter, and metabolizable energy content of haulms of all cultivars evaluated were similar (Table 6 ) and fairly comparable to good forage values as feed for ruminants [11, 12] .
In conclusion, the nutritive values of the 6 cultivars were all averagely good and can support the productive performance of ruminants when offered in appropriate quantities. Comparatively, GAF 1723 had the highest nutritive value due to its high CP concentration and low ADF content and ICGV-IS 08837 had the lowest attribute of nutritive quality because of low CP and high ADF concentration. GAF 1723 cultivar therefore has the superior groundnut haulm as a feed for ruminants. Again, the high yielding potential of the early maturing (90-95 days after planting) genotype ICGV-IS 08837 makes it a suitable candidate for the Guinea savanna ecology of Ghana in the face of erratic rainfall distribution and shortening of the cropping cycle.
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